ABSTRACT BACKGROUND: Code blue (CB) is an emergency call system developed to respond to cardiac and respiratory arrest in hospitals. However, in literature, no scoring system has been reported that can predict mortality in CB procedures. In this study, we aimed to investigate the effectiveness of estimated APACHE II and PRISM scores in the prediction of mortality in patients assessed using CB to retrospectively analyze CB calls.
INTRODUCTION
Code systems are emergency call and management systems for rapid response in healthcare institutions. The primary aim of these systems is to provide common institutional understanding about what is necessary to be done immediately at the time of the event.
Code blue (CB) is used worldwide to define the necessary emergency interventions in cases of respiratory or cardiac arrest, [1] and this was defined in the healthcare quality standards of Turkey in 2008. It is the only color code in which the same color is used for the same emergency worldwide.
The CB process includes the establishment of a professional team, maintaining the alertness of the team, technological call systems, preparation until the team arrives, the time to arCite this article as: Bakan N, Karaören G, Tomruk ŞG, Keskin Kayalar S. Mortality in Code Blue; can APACHE II and PRISM scores be used as markers for prognostication? Ulus Travma Acil Cerrahi Derg 2018;24:149-155
The APACHE II and PRISM scores describe the severity of disease by using changes in physiological parameters and can be used to define prognosis of the disease in ICU. [3] The APACHE II score consists of 12 distinct physiological parameters, age, and previous health status. In this system, the parameters including heart rate, systolic blood pressure, body temperature, Fraction of inspired oxygen (FiO 2 ) electrolytes (sodium, potassium, and bicarbonate), and white blood cell count are rated from 0 to 4 (higher scores indicating extreme measurements). The lowest GCS score is 11 points, while the highest is 71 points; 6 points are assigned to the patients aged >75 years. Chronic diseases are also included in the evaluation.
However, to the best of our knowledge, in literature, there are no scoring systems that have been developed to predict mortality in CB procedures.
The aim of this study was to investigate the effectiveness of the estimated APACHE II and PRISM scores in the prediction of mortality in patients assessed using CB in a 500-bed regional reference hospital between 2009 and 2013 and to retrospectively analyze the CB calls.
MATERIALS AND METHODS
Approval for the study was granted by the Clinical Research Ethics Committee of Health Sciences University, Istanbul Umraniye Research Hospital (Chairman: Sait Naderi, Professor, MD.; Approval#5089/2015).
A retrospective review was made of the CB notification forms completed by an anesthesiologist as a CB team leader between 2009 and 2013. Demographic data, diagnosis at admission, department admitted to, time of CB activation, time to arrival of CB team, reason for CB, data regarding whether CB was true or improper, application of cardiopulmonary resuscitation (CPR), and CPR duration, if applied, were extracted from the CB notification forms. The APACHE II and PRISM scores and the expected mortality rate were calculated from the data on the CB notification forms and hospital database. The APACHE II scoring was used for patients aged >18 years, whereas PRISM scoring was used for those aged <18 years. Patients aged 1-12 months were considered under the age group of 1 year. A CB call was defined as improper if no CPR was applied to the patient, only medical treatment was provided to the patient, or the CB call involved a patient who was already dead. Patient records were excluded from the study if treatment was refused or data were incomplete for the parameters needed to calculate the APACHE II and PRISM scores.
Statistical Analysis
All statistical analyses were performed using IBM SPSS version 22.0. Kruskal-Wallis test was used to compare descriptive data (means, standard deviation), quantitative data, and parameters with skewed distribution between the groups. Mann-Whitney U-test was used to identify the origin of differences and to compare skewed parameters between the groups. For comparing the qualitative data, Χ 2 , Fisher's exact, and Continuity Correction (Yates) tests were applied. Spearman's rho correlation analysis was used to assess the relationship between parameters. P<0.05 was considered significant.
RESULTS
Overall, 1195 CB calls were evaluated during the 5-year period. Of these, 160 patients were excluded from the final analysis as the data needed for prognostic scoring were missing. Of the remaining 1035 patients, CB was evaluated as true in 654 and improper in 381 patients; among the latter, 12 CB activations were for patients who were already dead (Graphic 1).
When the distribution of CB calls was assessed according to year, CB activations were found to be most frequent in 2010 and 2011 (Graphic 2). Of 248 patients with return of spontaneous circulation (ROSC) after CPR, 73 (29.44%) were admitted to our ICU and 175 (70.56%) were admitted to other ICUs after stabilization.
The mean age of 654 patients evaluated as true CB was 64.25±20.6 years, with 59% of these patients aged ≥65 years. No significant difference was detected in mortality between the age groups of <18 years, 18-65 years, and ≥65 years (p>0.05; Table 1 ).
In true CB calls, a significant difference was detected between the actual and expected mortalities in all age groups (p<0.05), with actual mortality rate being significantly lower (Table 2) .
A weak, positive correlation was detected between the expected mortality and age, while there was a strong, posi- tive correlation between expected mortality and PRISM or APACHE II scores (p<0.05; Table 3 ).
True CB was most frequently announced from the Emergency-internal medicine and Internal Medicine departments, whereas improper CB was most frequently announced from the Emergency-internal medicine and Emergency-surgery departments. The rate of improper CB was found to be highest in the Radiology Department. In the departments classified as miscellaneous, all CB calls were improper (n=1 in pathology department, n=9 in blood sampling unit, n=3 in ophthalmology department, n=16 in outpatient clinics, and n=2 in waiting rooms) ( Of the improper CB calls, 39.37% (n=217) were found to have been announced during working hours (08:00-16:00) and 60.63% (n=437) were announced out of working hours (16:00-08:00). The distribution of improper CB calls was as follows: 6.3% during the period 13:00-14:00; 5.3%, 21:00-22:00; and 5.8%, 11:00-12:00.
On assessment of the time to arrival of the CB team, it was found that the time was significantly shortened over the years (p<0.001). Regarding CPR duration, no significant difference was found between the groups aged 18-65 years and >65 years but the duration was significantly longer in the age group <18 years (p<0.05) ( Table 5) . No correlation was detected between CPR duration and age in true CB calls, while there was a significant, moderate positive correlation between CPR duration and PRISM or APACHE II scores (p<0.05; Table 3 ).
DISCUSSION
This study was conducted in a tertiary, training hospital with 25 ICU beds, where the mean number of ED visits is 1200 per year. A comparison was made between the CB call data at our hospital and the information in literature. The primary outcome measure of the expected mortality as estimated using PRISM and APACHE scores was found to be significantly higher than the actual mortality. Therefore, it was concluded that the APACHE II and PRISM scores are not useful in the prediction of mortality in CB calls and that CB call applications were successful in accordance with literature. Different scoring systems have been developed for the assessment of disease severity in EDs. These scoring systems are the mainstay of the management for critical illnesses, and the common goal of determining disease severity requires the objective measurement of changes in different physiological parameters, which must be recognizable by all clinicians. In ED, an ideal scoring system should include a limited number of physiological variables, which can be obtained on presentation to ED, and it should also accurately predict clinically important outcomes. RAPS, REMS, GCS, CCI, MEWS, and WPS are the most intensively studied scoring systems. However, according to the literature, none of these scoring systems has reached the highest level of evidence. [2] In many studies, it has been reported that the disorder present before arrest has an effect on survival. [4, 5] However, there is no scoring system used in the prediction of mortality in CB patients. In this study, a comparison was made between the expected and actual mortality rates and an assessment was made of the PRISM and APACHE II scores in all true CB calls to evaluate the effectiveness of CB procedures and treatments as well as the usefulness of the PRISM and APACHE scores in CB procedures.
The results of this study showed that the expected mortality rates as estimated using prognostic scoring systems were significantly higher than the actual mortality rates. However, a significant, moderate positive correlation was detected the CPR duration and APACHE II and PRISM scores. This was attributed to a shorter response time to CPR in patients with lower APACHE II and PRISM scores. In conclusion, it was found that expected mortality was increased by an increasing number of comorbidities and CPR duration was increased due to lack of rapid response to CPR.
The most important issue is the time to arrival of the CB team. Previous studies have confirmed that the likelihood of survival is increased by a shorter arrival time of the CB team and early defibrillation. [3, 6] In the American Heart Association guidelines, it is aimed to initiate interventions and to provide the first electric shock within 2 min. [7] [8] [9] Thus, CPR should be started within 3 min. [10] This is also defined as a parameter in the Quality Standard of the Turkish Ministry of Health.
In the present study, the time to arrival of the CB team ranged from 60 to 170 s (mean: 93.64 s), which is in accordance with the target time. The team organization, physical conditions of our hospital (40.000 m 2 on three floors, with the Anesthesiology Department on the first floor), and regular training can be considered to have been effective in this result. In addition, field exercises performed by the quality department are also effective in maintaining a dynamic process.
Reports in literature have stated that cardiac arrest is more commonly seen among males (56%-69.9%) and cardiac problems are the leading cause of cardiac arrest. [6, 7, 10] The lower incidence of arrest among females could be due to the lower prevalence of coronary syndromes among females. [7] In the present study, CB calls more commonly involved male patients and cardiac problems were the most common reason for CB calls, which was consistent with literature.
CPR duration is known to be another important factor affecting prognosis in CPR. [3, 11] It has been reported that the mortality rate is higher in cases with CPR duration >10 min, while the survival rate is increased in cases with successful CPR with a duration <10 min. [3, [10] [11] [12] [13] [14] Several studies have examined the optimal CPR duration, with reported CPR durations ranging from 12 to 30.5 min, [11] [12] [13] and this may be longer in pediatric patients. [14] In the present study, CPR duration was longer in the age group of <18 years (36.8±21.6 min) than in other age groups, in agreement with literature (p<0.05).
In CB procedures, mortality is still high reaching up to 85% despite medical advances and the evolution of CB teams [13] and survival rates range from 13% to 40%. [3, [15] [16] [17] In this study, the mortality rate in the CB procedures was found to be 62.61% and the survival rate was 38.07%.
True CB calls were often announced out of working hours (66.82%), including immediately after working hours and before midnight. Both periods represent the beginning of out of work (after 16:00) and before sleeping (21:00-02:00) hours. Improper CB calls were often announced at the times of lunch and dinner and before midnight (19:00-20:00, 11:00-14:00, and 16:00-17:00). These findings suggest that CB procedures do not involve the same conditions over 24 hours.
Although the effects of CB activation time on mortality were not investigated in the current study, in a previous study by Pembeci et al., it was reported that mortality is lower in CB calls activated during working hours. [18] Initial rhythm is also an important indicator for prognostication. It has been reported that the likelihood of survival and disposition is higher in patients with VT/VNT than in those with asystole. [6, 7] In a study on CPR and early defibrillation in an adult in-patient setting, Spearpoint et al. reported that the primary cause of the cardiac arrests was VT/VF in 25% of cases, defibrillation was performed within the first 2 min, and 90% of cases responded to CPR. [19] Delayed defibrillation has been associated with a decreased survival rate, with a 10% decrease in survival for each minute. [20] One of the limitations of this study was the inability to use initial rhythm in prognostication due to insufficient data. However, there are defibrillators in all the wards and in ED in our hospital, and portable emergency kits are available at certain points. Given the short time to arrival of the CB team observed in this study, it can be suggested that this did not lead to any disadvantage.
In a study of 134 patients assessed due to CB activation, Pembeci et al. found the immediate survival rate to be 49%. [18] In the current study, the immediate survival rate was determined to be 37.92% for 654 CB calls. This difference could be attributed to many factors, including the time of CPR, the number of anesthesiologists in the CPR team, the experience of the anesthesiologist, and monitorization conditions etc. Of 248 patients with ROSC after CPR, 73 (29.44%) were admitted to the anesthesia ICU and 175 were admitted to other ICUs. Of the 73 patients admitted to the anesthesia ICU, 15 (20.54%) were discharged, but survival data was not collected for the patients admitted to other ICUs after stabilization. Thus, the mortality data of all patients could not be calculated, which could be considered another limitation of this study.
Conclusion
The results of this study demonstrated that the CB process in our hospital was being successfully implemented in accordance with literature. It was also determined that expected mortality should be known to be able to establish standardization when assessing CB procedures; furthermore, APACHE II and PRISM scores with the parameters available are not helpful in the prediction of mortality in CB procedures. It was therefore concluded that there is a need for novel scoring systems using different parameters in CB procedures.
